Access to safe drinking water and improved hygiene are essential for preventing diarrheal diseases in low-and middle-income countries. Integrating water treatment and hygiene products into antenatal clinic care can motivate water treatment and handwashing among pregnant women. Free water hygiene kits (water storage containers, sodium hypochlorite water treatment solution, and soap) and refills of water treatment solution and soap were integrated into antenatal care and delivery services in Machinga District, Malawi, resulting in improved water treatment and hygiene practices in the home and increased maternal health service use. To determine whether water treatment and hygiene practices diffused from maternal health program participants to friends and relatives households in the same communities, we assessed the practices of 106 nonpregnant friends and relatives of these new mothers at baseline and 1-year follow-up. At follow-up, friends and relatives were more likely than at baseline to have water treatment products observable in the home (33.3% vs. 1.2%, p < 0.00001) and detectable free chlorine residual in their water, confirming water treatment (35.7% vs. 1.4%; p < 0.00001). Qualitative data from in-depth interviews also suggested that program participants helped motivate adoption of water treatment and hygiene behaviors among their friends and relatives.
Introduction
Diarrheal disease remains a leading cause of childhood morbidity and mortality, resulting in over 800,000 deaths annually in low-and middle-income countries. 1 Evidence suggests that providing interventions to make water safer and promoting hygiene can help reduce the burden of childhood illness. [2] [3] [4] Scaling up household water treatment and sustained handwashing, however, have been challenging. 5, 6 Recent experience has shown that strategies to integrate water treatment and hygiene with clinic-based care can help motivate the use of these interventions. [7] [8] [9] [10] One promising strategy integrates water treatment and hygiene into antenatal care (ANC). 8, 10 During the antenatal period, mothers may be more receptive to hygiene promotion messages designed to protect the health of their expected newborn and other children. 9, 11 Because over 90% pregnant women in the developing world have at least one ANC visit, program integration of water treatment and hygiene interventions into ANC presents an opportunity to reach a great majority of potential beneficiaries. 12 In 2007, the Malawi Ministry of Health, United Nations International Children's Emergency Fund, United States Agency for International Development, and the Centers for Disease Control and Prevention initiated a pilot program utilizing this approach in two districts in Malawi. At the time of the program, Malawi's maternal and infant mortality rates were high, 510/100,000 and 53/1,000 live births, respectively 13, 14 ; however, 93% of pregnant women attended at least one ANC visit. 15 The goals of this program were to improve safe water and hygiene behaviors, increase ANC attendance, and increase health facility deliveries among pregnant women. To accomplish these goals, a water hygiene kit (WHK) consisting of a water storage container with a lid and tap, a bottle of WaterGuard water chlorination solution, a bar of soap, two sachets of oral rehydration salts, and maternal education was provided at the first ANC visit, and refills of WaterGuard and soap were provided at subsequent ANC visits. Evaluation of this program 1 year later showed that integrated promotion and distribution of water treatment and handwashing products was highly effective in changing water treatment and handwashing behaviors among expectant mothers. 8 Moreover, 3 years later, 33% of expectant mothers who participated in the initial evaluation had sustained these improved household water treatment behaviors.
14 An additional benefit of the program was the observation that 24% of friends and relatives of the mothers had improved their water treatment practices and 42% had improved their handwashing technique. 10 After reviewing these results, in September 2009, the Clinton Health Access Initiative (CHAI) designed and implemented a program in Machinga District in southern Malawi to increase the use of prevention of maternal to child HIV transmission services among pregnant women. This program motivated women with the free distribution of WHKs at the first ANC visit of all pregnant women and refills of water treatment solution and soap at follow-up ANC visits, delivery, and postnatal visits. 16 Clinic staff and Health Surveillance Assistants (community health workers hereafter referred to as HSAs) were trained to provide an information to clinic clients and community members during clinic and home visits. In addition, targeted safe water messaging and social marketing were played via radio. An evaluation of the program demonstrated statistically significant increases in water treatment practices, the ability to demonstrate proper handwashing, and the use of maternal health services among participants. 16 To assess whether water treatment and hygiene knowledge and practices diffused from participating mothers to their social contacts, we conducted baseline and follow-up surveys with maternal friends and relatives concurrent with the ANC program evaluation.
Methods

Evaluation Design
CHAI implemented the ANC integration program in eight health facilities in Machinga, a rural district in southern Malawi. At the time of the baseline survey, each participating pregnant woman was asked to name three female nonpregnant friends or relatives with at least one child <5 years old in the same village. Enumerators attempted to enroll the friend or relative who lived closest to the pregnant mother and interview her in her home. If that friend or relative was not available, declined, or was pregnant, then the enumerator moved to the next nearest woman on the list. An attempt was made to interview one friend/relative at baseline per program participant and to return to their homes 1 year later for a follow-up interview.
Our sample was selected as follows: Evaluation participants were limited to friends and relatives of mothers who were attending their first ANC visit for the current pregnancy. The sample size of friends/relatives of pregnant women was the same as for pregnant women and provided 80% power to detect a 12% difference from baseline to followup in confirmed water treatment, assuming that at least 20% of women interviewed at baseline changed their water treatment behavior by the time of follow-up.
The baseline survey took place in March 2010. Trained field workers used standardized questionnaires that had been pilot tested to interview friends and relatives of pregnant women on demographic and socioeconomic characteristics, water sources, and water storage, treatment, and hygiene practices. We then visited friends' and relatives' homes to observe water storage and treatment practices, presence of soap, and demonstration of handwashing procedure. We tested stored drinking water for free chlorine residual (FCR) using the N,N-diethyl-phenylenediamine colorimetric method and Hach Free and Total Chlorine kits (Hach Co., Loveland, CO), an objective measure of confirmed WaterGuard use.
In March 2011, we conducted surprise visits at the households of the friends/relatives enrolled at baseline using a questionnaire similar to that used at baseline to conduct follow-up interviews and make observations.
Qualitative Data Collection
In May 2011, we conducted in-depth interviews (IDI) with a convenience sample of friends/relatives to identify factors influencing water treatment and handwashing practices and the impact of the ANC study participants on their behaviors. IDI topic guides were developed and modified to adapt to local linguistic and cultural nuances. Topic guides included the use of ANC and delivery services and water treatment and hygiene practices. Local research assistants conducted the IDIs, which each took about 45 min, in Chichewa, the local language. Verbatim field notes were taken during the IDIs and were then transcribed and translated into English for analysis.
Ethical Review
The Centers for Disease Control and Prevention Human Subjects Contact determined that, because this activity consisted of an evaluation of a proven public health practice, it was exempt from human subjects research review (protocol 6082); this nonresearch determination included mothers between 15 and 17 years old who are considered emancipated minors in Malawi. The Malawi Ministry of Health authorized the evaluation and provided CHAI with a letter of approval for the comprehensive and integrated prevention of maternal to child HIV transmission pilot program in Machinga. Verbal informed consent was obtained from all survey participants, and personal identifiers were permanently removed from databases. No survey participants under the age of 15 years were included. All friends and family surveyed had at least one child.
Data Analysis
Data from both baseline and follow-up surveys were entered into a Microsoft Access 2007 database (Microsoft, Redmond, WA) and analyzed using SAS 9.3 (SAS Institute, Cary, NC). Baseline and follow-up data were summarized and compared using McNemar's test for paired proportions. When McNemar's test was not feasible, an exact test of a binomial proportion was used. Outcomes of interest included knowledge of water treatment procedures with WaterGuard, confirmed use of WaterGuard (defined as presence of a bottle of WaterGuard and detectable FCR in stored water), reported purchase and confirmed use of WaterGuard, and use of proper handwashing technique (lathering hands completely with soap during a handwashing demonstration). For this article, major themes were identified from IDIs and are presented with illustrative quotes.
Results
At baseline, we surveyed one friend or relative for each of the 106 pregnant women selected for the ANC evaluation from the eight health facilities in Machinga district, for a total of 106 friends or relatives. One year later, we successfully completed follow-up visits with 92 (86.8%) of the 106 friends or relatives originally enrolled; all friends and relatives who were lost to follow-up had either moved or were not home at the time of the visit.
Demographic and Socioeconomic Characteristics
The median age of participants at baseline was 26 years (range 15-99 years); 90 (85.7%) were married. Thirty-two (30.5%) participants reported having no education, and seven (6.7%) had completed primary school. The median Table 1 ). There was a small increase from baseline to follow-up in the ability of friends and relatives to demonstrate proper handwashing technique in the home. However, this increase was not statistically significant (23.8% vs. 31.0%, p ¼ .30; Table 1 ).
There was concordance of behavior change between paired friends and relatives and ANC program participants. Among 48 pregnant mothers who did not treat water at baseline but treated at follow-up, there was a significant increase from baseline to follow-up among paired friends and relatives in detectable FCR in stored water (2.6% vs. 44.7%, p < .0001), knowledge of correct WaterGuard treatment procedure (27.2% vs. 56.8%, p ¼ .002), and confirmed WaterGuard use with reported purchase (0% vs. 22.9%, p ¼ .0002).
Qualitative Data
We conducted in-depth interviews with 18 friends or relatives of mothers in the WHK program.
Qualitative data from friends and relatives indicated that their water treatment was influenced by mothers enrolled in the program: "My friend told me that WaterGuard kills germs and my friend's family rarely suffered from diarrhea. So, I thought of doing the same to stay healthy too." Results also suggested that the friends and relatives who were influenced by mothers in the program also influenced their own social networks: "My friends also started envying it and when they heard the messages about it, they purchased WaterGuard and started using it." Other aspects of the program also appeared to have influenced water treatment messaging including HSAs, clinic staff, and targeted radio messaging. HSAs regularly visited to share diarrhea prevention messaging, clinic staff promoted the use of WaterGuard, and radio messaging promoted the use of WaterGuard.
Data also showed that while this program motivated some community members to purchase and use WaterGuard, for some cost was a barrier:
We go to the hospitals and ask for WaterGuard; they tell us that it is not for free, we have to buy. Being us from the village we do not have enough money to be buying WaterGuard though we are interested in it.
Although improving handwashing was a central goal of the WHK program, handwashing messaging was not highlighted in many qualitative interviews, suggesting that clinic staff and HSAs prioritized water treatment messaging.
Discussion
Results from this evaluation showed that the effect of a program integrating water treatment and hygiene behaviors into ANC appeared to extend beyond direct beneficiaries to include their friends and relatives. Friends and relatives of ANC clients exhibited statistically significant increases in several reported and observed water treatment indicators. These promising results are consistent with a study from other districts in Malawi. 15 There are several possible explanations for these findings. First, qualitative data from this evaluation suggest that pregnant mothers may have influenced the behavior of women in their social networks. Behavior change occurring within social networks has been documented elsewhere. 17 Second, clinic staff were cited as sources of information for friends and relatives, indicating that staff were not only sharing messaging with mothers in the ANC program but also incorporating water treatment and hygiene teaching into encounters with other patients. Quantitative and qualitative data from other studies suggest that trust in health workers can motivate clinic clients to adopt interventions promoted by health workers. 12, 14, 18 Third, qualitative data suggested that during village visits, HSAs appeared to have educated other community members, including the friends and relatives of program participants, on the importance and benefits of water treatment and hygiene. Community health workers have been documented to motivate improvements in public health behaviors among their clients in similar settings. 19, 20 Fourth, friends and relatives also indicated that they had heard social marketing messages about WaterGuard on the radio, a method which has been documented to have some impact on behavior change. 21 Finally, the use of behavior change strategies at multiple levels, including individual (pregnant mothers), community institutions (health facility staff and HSAs), and mass media (social marketing on the radio), has been documented to have an impact on behavior change and, in this project, may have combined to influence the practices of friends and relatives. [22] [23] [24] In this evaluation, a modest increase from baseline to follow-up in the ability of friends and relatives to demonstrate proper handwashing technique did not reach statistical significance, a finding that was not consistent with the highly significant increase documented in an earlier study in different districts of Malawi. 18 This difference could have resulted from a greater focus in this program on water treatment than on handwashing with soap.
This evaluation had several limitations. First, because of financial constraints, we were not able to measure the health impact of increased household water treatment. Second, our results were not generalizable because the program was conducted in one district of Malawi; however, comparable programs conducted in two other districts in Malawi yielded similar results. 8, 10, 18 Third, because of financial and logistical limitations, we were not able to include a control group. Fourth, it is possible that other interventions by different organizations in Machinga District may have contributed to improved household water treatment behaviors; however, repeated inquiries in these small rural communities throughout the evaluation period yielded no evidence of the presence of other organizations or similar interventions, so it was highly unlikely that other interventions took place. Finally, this evaluation was limited to a single year. Several studies have suggested that the practice of point-of-use water treatment attenuates over time. 25 At least one other evaluation of a similar integrated intervention in Malawi found that confirmed water treatment behaviors persisted 3 years after the program was launched, though at a somewhat lower rate. 6 In conclusion, confirmed water treatment by friends and relatives of pregnant women enrolled in a water treatment and hygiene program improved from baseline to follow-up. A variety of potential influences at the level of individuals, community organizations, and mass media likely helped motivate changes among the friends and relatives of maternal program participants. The cost of water treatment products presented a potential barrier to sustained water treatment practices among women in this impoverished region. Modest changes in the ability of friends and relatives to demonstrate proper handwashing technique may have resulted from insufficient program focus on handwashing with soap. These findings suggest that integrating water treatment and hygiene into ANC may be an effective method to improve the water treatment and hygiene behaviors of mothers and their friends and relatives.
